tion. The correlation coefficients (R) of systolic, diastolic, and MAP of non-invasive (NIBP) and IBP measurements were 0.84, 0.76, and 0.77, respectively (P < 0.01).
Overall, the average MAP (7.5 ± 1.2 mm Hg; P < 0.05) NIBP values were lower compared to IBP. In hypertensive patients, MAP (10.4 ± 10.0 mm Hg; P < 0.05) BP values were significantly lower using the NIBP device. Clinically relevant difference of >10 mm Hg was found in 51% (41/80) of measurements and mainly observed in hypertensive measurements.
Conclusions: IBP measurement is considered the golden standard for monitoring BP in patients immediately after kidney transplantation. NIBP values showed a good agreement with invasive reading, but the variability of NIBP mainly in hypertensive patients is high as it is the number of clinically relevant differences to IBP. We conclude that IBP remains the golden standard to monitor BP in children directly postoperatively.
| INTRODUC TI ON
Maintaining a stable moderately high BP is very important in children immediately after kidney transplantation in order to prevent acute tubular necrosis, especially in small pediatric recipients, since there is a discrepancy with the adult donor BP. Therefore, accurate assessment of BP postoperatively is essential for optimal management.
NIBP monitoring methods are widely used, especially automated oscillometric devices despite the absence of very good evidence for reliability. 1 An arterial line provides accurate continuous monitoring of IBP. This is currently the golden standard for monitoring BP directly post-transplantation in pediatric patients.
To our knowledge, no studies have compared the automated oscillometric device with intra-arterial measurements in children during kidney transplantation. Other studies comparing the reliability of IBP and NIBP measurements have been carried out mainly in neonates. [2] [3] [4] [5] [6] [7] Results of these studies are conflicting. Therefore, accuracy and reliability of the oscillometric method remain questionable.
The objective of this study was to compare IBP data with simultaneously recorded NIBP in children post-kidney transplantation.
In addition, we assessed the influence of age, gender, weight, BMI, arterial line location, immunosuppressive therapy, use of antihypertensive medication, and inotropic support on BP differences. 
| ME THODS

| Power analysis
Previous literature suggests that differences greater than 10 mm Hg should be regarded as clinically relevant and when exceeding 20 mm
Hg as clinically unacceptable. [1] [2] [3] [4] [5] [6] [7] [8] [9] We calculated that 11 pairs of BP measurements would achieve a power of 90% to detect a difference of 10 mm Hg between IBP and NIBP with a SD of the difference of 10 mm Hg 1,2 and an alpha of 0,05 using a two-sided one-sample t test.
| Statistical analysis
Bland-Altman plots were computed in order to compare mean IBP and NIBP. [10] [11] [12] [13] [14] [15] Differences between systolic, diastolic, and MAP BP measurements were plotted against average values of each pair being compared. Pearson correlation coefficient (for repeated measures) was used to determine a relationship between differences in invasive and non-invasive readings and outcome measures.
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Analyses were performed using the linear mixed-model analyses for repeated measures to determine the mean differences between the IBP and NIBP. This procedure considered both intra-subject and between-subject variances. The influence on the agreement between the NIBP and IBP of age, gender, weight, BMI, gender, location of arterial line, immunosuppressive therapy, and inotropic support was also assessed. One-sample t test was used to determine whether data are normally distributed. Data are expressed as mean ±SD. The 95% confidence intervals of the means were calculated with the relevant P-values. A P-value <0.05 was considered statistically significant. Statistical analysis was performed using SPSS software version 24.0® (IBM Corporation, Armonk, NY, USA).
| RE SULTS
We identified 42 pediatric recipients of a kidney transplant. Six patients did not receive an arterial line. In 7 patients, there was no documentation of simultaneous IBP and NIBP measurements.
K E Y W O R D S
IBP monitoring, invasive arterial blood pressure, kidney transplantation, non-invasive blood pressure, pediatric Therefore, in total, 29 patients (17 male), aged 1-17 years, were included in this study. Patient characteristics are presented in Table 1 .
No complications related to the arterial catheter were recorded.
In total, 80 simultaneous IBP and NIBP measurements (160 discrete readings) were documented in the study population. The R of systolic, diastolic, and MAP BP obtained by the IBP and NIBP measurements were 0.84, 0.76, and 0.77, respectively (P < 0.01; Figure 1 ). There was a strong correlation between invasive and noninvasive readings. The Bland-Altman plot of the absolute differences between NIBP and IBP (29 patients, 80 measurements in one plot)
is shown in Figure 2 . Mean differences in simultaneous measured systolic and MAP (IBP-NIBP) were significant: 3. Influence of patient characteristics was explored ( Table 2 ). There was no significant correlation between differences in NIBP and IBP, and age, weight, or BMI. A significant relationship of the heart rate was found with different measurements between IBP and NIBP.
Furthermore, there was no significant correlation between discrepant BP measurements and arterial line location, immunosuppressive protocol or use of vasopressor (data not shown).
The effects of BP levels on accuracy of NIBP measurements are shown in Table 3 
| D ISCUSS I ON
In this report, two methods of BP measurement in children post-kidney transplantation are studied. The automated oscillometric device mainly underestimated BP compared to gold standard intra-arterial BP measurement. Discrepancies between NIBP and IBP measurements were found to be very variable and in 50% clinically relevant.
The results of our study indicate that the oscillometric method underestimates the systolic and MAP BP in children during kidney transplantation by 7.5 mm Hg. However, the accepted threshold for acceptance of the accuracy of the equipment is 5 mm Hg. weeks of life. 2, 7 In contrast to these reports, three studies reported a poor agreement between IBP and NIBP in neonates. 3, 6, 15 There is only one report that compared NIBP and IBP in the same age-group as our study population. 9 This prospective study included 40 children (1-17 years) who were admitted to the PICU because of various reasons. This study observed a good agreement between NIBP and IBP for BPs in the normotensive range.
Our study demonstrated R of 0.8 between systolic, diastolic, and MAP IBP and NIBP, similar to other studies. [3] [4] [5] [6] [7] However, a good correlation does not necessarily mean clinically acceptable agreement. BlandAltman plots demonstrated that the mean difference among systolic, diastolic, and MAP IBP and NIBP was within 7 mmHg. Although the mean bias is not large, wide range of the limits of agreement may reduce the clinical reliability of using NIBP. In our study, limits of agreement were −20 mm Hg and +25 mm Hg for systolic, diastolic, and MAP BP. This is in agreement with previous studies in neonates. 2, 3 Recent studies proposed to use the percentage error (PE) of the limits of agreement to describe agreement between two techniques. 15, 16 In order to accept a new technique, it is judged against the precision of the reference technique. The PE between the ref-
erence and new technique should be less than ±30%. The PE in our study for systolic, diastolic, and MAP were less than 29%. This indicates a good agreement between the non-invasive device and invasive method. However, the non-invasive device seems to be inferior to the invasive BP method.
The largest differences between NIBP and IBP were observed in case of high BP; systolic and MAP were both approximately 10 mm cuff size, heart rate, body temperature, sepsis, and hydrocortisone administration. 6, 17 The mean differences between IBP and NIBP according to each factor were small in our study. The number of BP measurements was perhaps insufficient to detect significant results for these small differences. However, such small differences are not clinically relevant and may not influence therapy based on BP.
At the start of this study, we defined a difference in BP between the two methods >10 mm Hg as clinically relevant and >20 mmHg as Serious complications of radial artery monitoring (thrombosis, infection) are rare, so arterial cannulation is a relatively safe procedure. Problems with radial artery after cannulation are not described.
Dialysis shunt should be possible in the future if dialysis is needed.
The arterial line is often used for a very short period of time because it will be removed when the patient is discharged from the PICU.
The strength of our study is the homogeneous background of the patients. All children enrolled in the present study underwent a kidney transplantation and received the same clinical care as well as medication conform our kidney transplantation protocol. There are no reports comparing NIBP and IBP measurement in children or adults after kidney transplantation. There is one study comparing NIBP and IBP in 23 hypertensive adults during anesthesia induction before kidney transplantation.
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Certain limitations of the present study require discussion.
Firstly, our study is a retrospective study and we assume that the appropriate BP cuff was used in the ideal resting state (according to our BP hospital protocol). Previous studies have demonstrated that cuff size is a major contributor to error. 20 Secondly, a limited number of patients were included and the number of measurements was not uniform and varied among patients. A prospective study would be preferable. In order to compare the BP measurement methods, a prospective study would be more appropriate. However, these data are useful in order to indicate the level of agreement between the methods, and emphasize the need for a prospective study.
In conclusion, non-invasive BP measurements frequently underestimate invasive arterial BP in children directly post-kidney transplantation. The high number of measurements outside the clinically relevant range (>10 mm Hg difference) and the high variability, especially in hypertensive patients, make the oscillometric technique unreliable. IBP remains the golden standard to monitor BP in children direct post-kidney transplantation.
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